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© A method of manufacturing a semiconductor device. 


© A method of manufacturing a semiconductor de- 
vice IS described in which electrical contact is pro- 
vided to an area (10) of an electrically conductive 
level (1) exposed through an opening (2) in a cover- 
ing layer (3). A further layer is provided over the 
covering layer (3) as a first layer (4) of the one 
material provided to a first thicl<ness on the covering 
layer (3) and a second layer (5) of a different ma- 
terial provided to a second thlcl^ness. The further 
layer is then etched anisotropicaily using an an- 
isotropic etching process which etches the first and 

3 second layers (4) and (5) at different rates with the 
first layer (4) being etched more slowly than the 
second layer (5) so that, after the anisotropic etching 
jj^to expose the surface (3a) of the covering layer (3) 
mand the said area (10) of the electrically conductive 
level (1), the side walls {2a) of the opening (2) 
J2 remain covered by the said one material (40) and 
^ portions (50) of the said different material extend on 
the said one material (40) from the exposed area 
®(10) up the side walls (2a) of the opening (2) for a 
CL distance less than the depth of the opening (2) and 
lU related to the thlcl<ness of the first layer and the 
different rates at which the first and second layers 4 
and 5 are etched. An electrically conductive layer (6) 


is then provided on the covering layer (3) to form an 
electrical contact with the exposed area (10) of the 
electrically conductive level (1), 
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A METHOD OF MANUFACTURINQ A SEMICONDUCTOR DEVICE 


This invention relates to a method of manufac- 
turing a semiconductor device, which method com- 
prises providing electrical contact to an area of an 
electrically conductive level exposed through an 
opening in a covering layer by providing a further 
layer over the covering layer, etching the further 
layer anisotropically so as to expose the surface of 
the covering layer and the area of the electrically 
conductive level thereby leaving portions of the 
further layer on side walls of the opening bounding 
the exposed area, and providing an electrically 
conductive layer on the covering layer to form an 
electrical contact with the exposed area of the 
electrically conductive level. 

Such a method Is described in US-A-4 641 420 
where the electrically conductive level to be con- 
tacted may be a doped silicon region. Although the 
remaining portions or spacers of the further layer 
for example a silicon dioxide layer as described in 
US-A-4 641 420. do indeed serve to smooth the 
side walls of the opening to enable better coverage 
by the subsequent electrically conductive layer, 
which may be an aluminium layer, the walls of the 
spacers or remaining portions can still be quite 
steep particularly near the bottom of the opening or 
access hole resulting in a relatively sharp bend or 
angle between the contact area and the walls of the 
spacers or remaining portions of the further layer at 
which breaks or weaknesses in the electrically con- 
ductive layer could occur. 

It IS an object of the present invention to pro- 
vide a method of manufacturing a semiconductor 
device in which the spacers or remaining portions 
of the further layer are formed in a manner which 
aims at reducing tiie sharpness of the bend or 
angle between the contact area and the walls of the 
spacers or remaining portions of the further layer 
so as to reduce the possibilities of breaks or 
weaknesses occuring in the electrically conductive 
layer. 

According to ttie present Invention, there is 
provided a method of manufacturing a semiconduc- 
tor device, which method comprises providing elec- 
bical contact to an area of an electrically conduc- 
tive level exposed through an opening in a cover- 
ing layer by providing a further layer over the 
covering layer, etching tine further layer an- 
isotropically so as to expose the surface of the 
covering layer and the area of the electrically con- 
ductive level thereby leaving portions of the further 
layer on side walls of the opening bounding tiie 
exposed area, and providing an electrically conduc- 
tive layer on the covering layer to fonm an electirical 
contact with the exposed area of tiie electi-ically 
conductive level, characterised by providing the 


further layer by providing a first layer of one ma- 
terial to a tirst tiiickness on the covering layer and 
a second layer of a different material to a second 
thickness on the first layer and anisotropically etch- 

5 ing the further layer using an anisotropic etching 
process which etches the first and second layers at 
different rates with the first layer being etched 
more slowly tiian the second layer so that, after the 
anisotropic etching to expose the surface of the 

10 covering layer and the said area of the electrically 
conductive level, the side wails of the opening 
remain covered by the said one material and por- 
tions of the said different material extend on the 
said one material from the exposed area up the 

15 side walls of the opening for a distance less than 
ttie depth of the opening and related to the thick- 
ness of tiie first layer and the different rates at 
which the first and second layers are etched. 

Thus, in a method embodying the Invention, 

20 the further layer comprises first and second layers 
of different material which are etched at different 
rates during the anisotropic etching so resulting in 
the portions of the first and second layers remain- 
ing after the anisotropic etching being of different 

25 heights tiiereby providing spacers with more gentiy 
sloping walls particularly adjacent the area of the 
electrically conductive level to be contacted so that 
the possibilities of breaks or weaknesses in the 
subsequent metallisation occuring in this region 

30 should be reduced. Moreover, the distance which 
the remaining portions or spacers of the second 
material (and thus the shape and slope of the 
surface over which the electrically conductive layer 
is provided to contact the area of the electrically 

35 conductive level) extend up the side walls of the 
opening may simply be selected by determining 
the different rates at which the first and second 
layers are etched by selecting an appropriate an- 
isotropic etching process and/or by selecting the 

40 thickness of the first layer. Further using a method 
embodying the invention where the first layer is 
etched more slowly than the second layer enables 
precise determination of the end point of the an- 
isotropic etching by conventional automatic means. 

45 Moreover, in a method embodying the inven- 

tion, the size of the contact area of the electi'ically 
conductive level exposed after the anisotropic etch- 
ing is related to the thickness of tiie second layer 
and accordingly the size of the contact area ex- 

60 posed after the anisotropic etching may be ad- 
justed as desired by selecting the thickness of the 
second layer. The use of a method embodying the 
invention should also result in a contact area which 
is smaller than tiie opening In the covering layer. 
Thus, by using a method embodying the invention, 
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the opening in the covering layer may be made 
larger than the actual desired contact area so that, 
for example, problems involved in photolithog- 
raphically deflning small windows in a photosen- 
sitive resist mask layer In order to enable formation 
of the opening may be avoided or at least reduced. 

In a preferred embodiment, the covering layer 
Is provided as an Insulating layer and the opening 
formed by antsotropically etching the Insulating lay- 
er through a mask. 

The first and second layers are normally in- 
sulating layers, although electrically conductive lay- 
ers could be used. One of the first and second 
layers may be provided as a layer of silicon diox- 
ide and the other of the first and second layers as 
a layer of silicon nitride. Where the first layer Is a 
layer of silicon nitride and the second layer a layer 
of silicon dioxide, the further layer may be an- 
isotropically etched using a fluorine-containing 
plasma. 

Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the 
accompanying drawings, in which: 

Figures 1 to 6 are cross-sectional views of 
part of a semiconductor body illustrating various 
steps in a method embodying the invention; and 

Figure 7 is a cross-sectional view of part of a 
semiconductor device manufactured using a meth- 
od embodying the invention. 

It should be noted that the Figures are dia- 
grammatic and not drawn to scale. The relative 
dimensions and proportions of parts of the Figures 
(particularly in the direction of thickness) have been 
shown exaggerated or diminished for the sake of 
clarity and convenience in the drawings. The same 
(or related) reference signs as used in one embodi- 
ment are generally used for referring to corre- 
sponding or similar parts in other embodiments. 

Referring now to the drawings and especially 
to Figures 1 to 6, a method embodying the inven- 
tion of manufacturing a semiconductor device com- 
prises providing electrical contact to an area 10 of 
an electrically conductive level 1 exposed through 
an opening 2 in a covering layer 3 by providing a 
further layer 4, 5 over the covering layer 3. etching 
the further layer 4, 5 anisotropically so as to ex- 
pose the surface 3a of the covering layer 3 and the 
area 10 of the electrically conductive level thereby 
leaving portions 40, 50 of the further layer 4, 5 on 
side walls 2a of the opening 2 bounding the ex- 
posed area 10. and providing an electrically con- 
ductive layer 6 on the covering layer 3 to form an 
electrical contact with the exposed area 10 of the 
electrically conductive level. 

In accordance with the invention, the further 
layer 4, 5 is provided by providing a first layer 4 of 
one material to a first thickness a on the covering 


layer 3 and a second layer 5 of a different material 
to a second thickness b on the first layer 4 and 
anisotropically etching the further layer 4,5 using 
an anisotropic etching process which etches the 

5 first and second layers 4 and 5 at different rates 
with the first layer 4 being etched more slowly than 
the second layer 5 so that, after the anisotropic 
etching to expose the surface 3a of the covering 
layer 3 and the said area 10 of the electrically 

70 conductive level 1 , the side walls 2a of the opening 
2 remain covered by the said one material 40 and 
portions 50 of said different material extend on the 
said one material 40 from the exposed area 10 up 
the side walls 2a of the opening 2 for a distance 

75 less than the depth of the opening 2 and related to 
the thickness a of the first layer 4 and the different 
rates at which the first and second layers 4 and 5 
are etched. 

An example of a method embodying the inven- 

20 tlon will now be described in greater detail. 

Referring firstly to Figure 1. the electrically 
conductive level 1 in this example is a metal level, 
for example an aluminium level, which is provided 
as part of a substructure (not shown in Figures 1 to 

25 6) of the semiconductor device. The aluminium 
level may be coated with a protective layer of a 
non-aluminium-contalning electrical conductor such 
as titanium, tungsten, molybdenum, cobalt, chro- 
mium, hafnium, or alloys or silicides of any of the 

30 above. As will be described below with reference to 
Figure 7, the aluminium level may be final metal- 
lisation level of the semiconductor device or may 
be an intermediate metallisation level. The elec- 
trically conductive level need not necesarily be a 

35 metallisation level but could be, for example, a 
doped polycrystalltne silicon level, for example for- 
ming the conductive gate of an insulated gate or 
even, for example, a doped region, such as a 
source or drain region of an insulated gate field 

40 efect transistor. It should of course be appreciated 
that the electrically conductive level 1 may be 
patterned, for example to provide the desired 
metallisation pattern or insulated gate structure, 
and that only part of one region of the conductive 

45 level is shown in the Figures. 

Where, as in this example, the electrically con- 
ductive level 1 is formed of aluminium, then the 
aluminium may be provided on the underlying sub- 
structure (not shown in Rgures 1 to 5) using a 

50 conventional technique such as sputter depostion 
or chemical vapour deposition and may have a 
thickness of about for example, one micrometre. 

The covering layer 3 Is, in this example, pro- 
vided on the electncally conductive level 1 as a 

55 layer of silicon dioxide which may be deposited 
using any suitable conventional technique, for ex- 
ample a plasma enhanced chemical vapour de- 
postion technique or a low pressure chemical vap- 
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our deposition technique using, for example, an 
organo-silane compound such as TEOS 
(triethyloxysilane). The covering layer 3 may have 
a thickness of. for example, about 0.7 micrometres. 
After formation of the covering or insulating 
layer 3. a layer 11 of a conventional photosensitive 
resist, for example a positive photosensitive resist 
such as HPR204 produced by the Hunt Company, 
is spun onto the covering layer 3 to a thickness of. 
for exammple, about 1.3 micrometres and pat- 
terned using conventional photolithographic and 
mask patterning techniques to define a photosen- 
sitive resist mask having a window 12 where the 
opening 2 is to be formed. Although as will be 
appreciated from the above the photosensitive re- 
sist layer 11 will be nearly twice as thick as the 
covering layer 3. in the interests of conciseness the 
resist layer 1 1 has been shown In Figure 1 some- 
what thinner than it would be in practice. 

The covering layer 3 is then etched an- 
isotropicaily through the window 12 to form the 
opening 2. thereby exposing an area 10 of the 
electncaily conductive level 1. Figure l shows the 
structure after formation of the opening 2 with the 
original extent of the covering layer 3 and the mask 
11 prior to the opening of the window 12 and the 
anisotropic etching shown in dotted lines, it should, 
of course, be appreciated that the opening 2' may 
have any desired shape when viewed from above, 
that is looking down on the surface 3a of the 
covering layer 3, and may be a circular or near 
circular opening in which case the side walls 2a will 
be continuous and will in effect form a single wall 
although referred to herein as side wails 2a. 

The covering layer 3 may be etched using any 
suitable anisotropic etching technique. Thus, for 
example, a fluorine-containing plasma (for example 
a fluorocarbon plasma such as a CF*. CHF3 or 
CxFy (e.g. CzFe) plasma where the covering layer 
3 is a silicon dioxide layer or an SFs or NF3 
plasma where appropriate for the insulating ma- 
terial forming the covering layer 3) in an Inert 
carrier gas. for example argon, may be used to 
etch the opening 2. 

In this example, the opening 2 may have a 
width of about one to two micrometres. 

After the opening 2 has been formed, the pho- 
tosensitive resist mask 11 is removed using con- 
ventional techniques to expose the surface 3a of 
the covering layer 3, As shown in Figure 2, the first 
layer 4 is then provided as a thin layer of silicon 
nitride using a conventional technique, such as 
plasma enhanced chemical vapour deposition, so 
as to cover the surface 3a of the covering layer 3, 
the side walls 2a of the .opening and the exposed 
contact area 10. In this example, the silicon nitride 
layer 4 may have a thickness of about 100 
nanometres (nm). 


Referring now to Figure 3. after the first layer 4 
of silicon nitride has been formed, the second layer 
5 Is provided as a layer of silicon dioxide which 
again may be provided using any suitable tech- 
5 nique, for example plasma enhanced chemical vap- 
our deposition. The second layer 5 of silicon diox- 
ide covers the entire silicon nitride first layer 4 and 
may have a thickness of about 200nm. 

After the second layer 5. in this example a 
10 layer of silicon dioxide, has been provided to com- 
plete the further layer, the further layer 4, 5 is 
etched anisotropically. for example by an an- 
isotropic plasma etch, using a technique which 
etches the first layer 4 more slowly than the see- 
rs ond layer 5 as will be described below with refer- 
ence to Figures 4 and 5. 

In this example where the first and second 
layers 4 and 5 are formed of silicon nitride and 
silicon dioxide, respectively, then the anisotropic 
20 etching may be carried out using a fluorocarbon 
plasma such as carbon tetrafluoride (CF4). CHF3 or 
CxFy (e.g. CaFc) In argon as a carrier gas. In this 
example a combined carbon tetrafluoride and CHF3 
plasma is used which etches the silicon dioxide 
25 second layer 5 at least twice as quickly as the 
silicon nitride first layer 4, 

The progress of the anisotropic etching is mon- 
itored by conventional techniques, in this case by 
examining the spectrum of the constituents in the 
30 plasma in particular the carbon monoxide emission 
line (at 483 nm) of the spectrum. Thus, the inten- 
sity of the carbon monoxide line is initially high as 
the silicon dioxide second layer 5 Ife etched and 
then drops sharply as the top surface 4a of 'the 
05 silicon nitride first layer 4 is exposed as shown in 
Figure 4 and finally rises sharply when the silicon 
nitride first layer 4 has been removed from the top 
surface 3a of the covering layer 3 so that the 
silicon dioxide of the covering layer 3 starts to be 
40 etched. Thus, using a method embodying the in- 
vention the presence of the first layer 4 enables 
precise determination of the end point of the an- 
isotropic etching by conventional automatic means. 
The point, shown in Figure 5. at which the silicon 
45 nitride first layer 4 has been removed from the top 
surface 3a of the covering layer and thus also the 
point at which the final contact area IO' is exposed 
can therefore be readily and precisely detected 
and the anisotropic etching process stopped at this 
60 point, possibly with a slight over-etch to ensure that 
the plasma silicon nitride first layer 4 has been 
removed from the top surface 3a of the covering 
layer 3 and that the surface of the final contact 
area 10' is free of insulating material to facilitate a 
55 good electrical contact to the eiectricaly conductive 
layer 6 to be provided thereon. 

As the etching technique used is anisotropic 
and so etches the further layer in one direction 
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only, that is perpendicular to the surface 3a of the 
covering layer 3. when the plasma silicon nitride 
layer surface 4a is just exposed, the side walls 2a 
of the opening 2 remain covered by the silicon 
nitride first layer 4 and by parts s' of the silicon 
dioxide second layer 5 as shown in Figure 4, 
Because the anisotropic etching etches the ma- 
terial of the second layer 5. silicon dioxide in this 
example, more qufcl<ly than the material of the first 
layer 4. silicon nitride in this example, then in the 
time taken for the anisotropic etching to remove 
the sticon nitride from the surface 3a of the cover- 
ing layer, a greater thiclcness of the silicon dioxide 
on the side walls 2a of the opening 2 than of the 
silicon nitride is removed. Thus, as indicated in 
Figure 5 at the end of the anisotropic etching, the 
side walls 2a of the opening 2 remain covered by 
remaining portions or spacers 40 of the first layer 4 
and. in addition, remaining portions or spacers 50 
of the second layer 5 are left on the spacers 40. 
The remaining portions or spacers 50 of the silicon 
dioxide second layer 5 extend from the exposed or 
final contact area io' up the side walls 2a of the 
opening 2 for a distance x less than the depth d of 
the opening. The spacers or remaining portions 50 
of the second layer 5 thus extend only part way up 
the remaining portions or spacers 40 of the first 
layer 4 and therefore provide, as can be seen from 
Figure 5. a stepped profile to the wall of the open- 
ing 2 bounding the final contact area 10. 

After the anisotropic etching has been stopped, 
the electrically conductive layer 6 is provided as 
illustrated schematically in Figure 6. In this exam- 
ple the electrically conductive layer 6 is provided 
as a further level of aluminium which is deposited 
in the same manner as the electrically conductive 
level 1. 

The provision of the first and second layers 4 
and 5 of different materials so that the first layer 4 
is etched more slowly than the second layer 5 
results In. as indicated diagrammatically in Figure 
5. a stepped or double spacer fonmed of the re- 
maining portions 40 and 50 of the first and second 
layers 4 and 5 so that the side walls 2a of the 
contact hole or opening 2 have a considerably 
more gentle slope than would otherwise be the 
case. Furthermore, as indicated in Figure 5. the 
anisotropic etching of the first and second layers 4 
and 5 results in a slight rounding of the top 40a of 
the remaining portions 40 of the first layer 4. Thus, 
using a method embodying the invention enables 
the electrically conductive level 6 to be provided 
onto a surface which has relatively gentle slopes 
and corners rather than near vertical slopes and 
sharp comers so that problems such as Inadequate 
coverage or weaknesses or even breaks in the 
electrically conductive level 6 which are liable to 
occur where near vertical slopes and sharp corners 


are present can be avoided or at least reduced. 
Moreover, as will be appreciated from Rgure 5, the 
use of a method embodying the Invention results In 
a final contact area 10' which is somewhat smaller 

5 in area than the original opening 2 so that, particu- 
larly where the dimensions Involved are small, of 
the order of a micrometre or less, the original 
opening 2 In the further layer 3 may be made 
larger in cross-sectional area than the desired final 

10 contact area 10' which means that the window 
defined in the photosensitive resist mask layer 11 
may be larger than the desired final contact area 
10' and so the problems involved In photolithog- 
raphically defining very small windows in photosen- 

76 sitve resist mask layers may be avoided or at least 
reduced. 

As indicated above, the height x the spacers 
50 extend up the side walls 2a of the opening 2 is 
related to the different rates at which the first and 

20 second layers 4 and 5 are etched, that is the 
selectivity S of the anisotropic etching process 
used, and the thickness a of the first layer 4. 

Where, as in the arrangement described above, 
the first and second layers 4 and 5 are formed of 

2S silicon nitride and silicon dioxide, respectively, and 
the anisotropic etching process etches the silicon 
dioxide about twice as quickly as the silicon nitride, 
once the surface 4a of the silicon nitride layer 4 
has been exposed as shown In Rgure 4. in the 

30 time taken to remove the thickness of the silicon 
nitride first layer 4 from top surface 3a of the 
covering layer 3, about twice the thickness of the 
silicon dioxide second layer 5 is removed from the 
side walls 2a of the opening 2 so that where, as In 

36 the example given above, the first layer has a 
thickness of 100 nanometres then about 200 
nanometres thickness of the second layer 5 is 
removed from the sides walls 2a of the opening. 
The Inventor has found that, generally, the 

40 height x of the spacers 50 can be given by the 
formula (d-x) = (S-l)a where d. x. s and a are as 
indicated above so that where the second layer 5 is 
etched twice as quickly as the first layer 4 giving a 
selectivity S of 2 and the first layer 4 has a 

45 thickness a of 100 nanometres then (d-x)=! (2-1)1 00 
= 100 nanometres. Thus, where in the example 
given above the depth of the opening d = 0.7 micro- 
metres, X = 600 nanometres. 

The distance x the remaining portions or spac- 

50 ers 50 extend up the side walls 2a of the opening 
may be selected by selecting the anisotropic etch- 
ing process. Thus, for example, If the anisotropic 
etching process etched the second layer 5 three 
times more quickly than the first layer 4 giving a 

65 selectivity S of 3 then, with the same thickness a 
for the first layer, (d-x) would equal 200 
nanometres giving, for d=0.7 micrometres, x = 500 
nanometres. A similar result would be obtained by 


5 


9 


EP 0 345 875 A2 


10 


keeping the selectivity 8=^2 and adjusting the 
thickness a of the first layer 4 to 200 nanometres 
although the size of the opening 2 places con- 
straints on increasing the thickness of the first and 
second layers. 

Of course both the thickness a of the first layer 
4 and the selectivity S may be selected or adjusted 
to give the desired height x for the spacers 50. 
Although the thickness of the second layer 5 does 
not affect the height x of the spacers 50 it will 
affect the size of the final contact area 10' exposed 
after the anisotropic etching in that the final contact 
area 10' will have a width,^ for example a diameter 
where the contact area 10' is about circular, about 
equal to the width of the opening 2 (diameter 
where the opening 2 is circular in cross-section) 
minus twice the thickness of the first and second 
layers 4 and 5 combined. If the second layer 5 is 
made thicker or thinner than the remaining portions 
or spacers 50 left after the anisotropic etching will 
be correspondingly thicker or thinner and so the 
final contact area 10' will be smaller or larger. 
Thus, the size of the final contact area 10' can be 
selected by selecting the thickness of the second 
layer 5 allowing the opening 2 to be larger than the 
desired final contact area 10' and so enabling the 
window 12 in the photosensitive resist mask layer 
1 1 used to define the opening 2 to be larger than 
the desired contact area 10' so that the problems 
which may arise in photolithographically defines 
small, of the order of 1 to 2 micrometres, windows . 
In the mask layer 11 can be avoided or at least 
reduced. 

In the example described above, the first and 
second layers 4 and 5 are formed of silicon nitride 
and silicon dioxide, respectively. However, any 
suitable two different insulating materials can be 
used to form the first and second layers 4 and 5 
provided that an anisotropic technique is available 
which will allow the first layer to be etched more 
slowly than the second layer. Thus, for example, 
one of the first and second layers may be a 
polyimide or silicon oxynitride layer whilst the other 
may be a silicon nitride or silicon dioxide layer. 
Also, the first layer 4 could be a silicon dioxide 
layer and the second layer 5 a silicon nitride layer, 
in which case the anisotropic etching proces would 
be selected so as to etch the silicon nitride more 
quickly than the silicon dioxide, for example an SFc 
plasma containing oxygen again in an inert carrier 
gas such as argon could be used. As another 
example, the first layer 4 could be a silicon nitride 
layer and the second layer a layer of 
borophosphosilicate glass which can be etched 
more rapidly than silicon nitride. 

As an alternative to using silicon nitride which 
has a tendency to be rather dirty or contaminated, 
the first and second layers 4 and 5 could both be 


formed of silicon dioxide with the second layer 5 
being doped so as to ensure that the second layer 
5 etches more quickly than the first layer 4. How- 
ever the selectivity S of etching between undoped 

6 and doped silicon dioxide is normaly not very high 
and will usually be less than two. 

The first layer 4 could be an aluminium oxide 
(AbOa) layer which would have the advantage that 
the AI2O3 layer would be etched considerably 

TO more slowly than the second layer 5 which may 
again be a silicon dioxide layer. However, where 
AlaOa is used as the first layer It may be neces- 
sary, once the spacers 50 have been formed, to 
carry out a further step in the anisotropic etching 

;5 process, for example adjusting the contents of the 
plasma where an anisotropic plasma etching pro* 
cess is used, so as to remove remaining aluminium 
oxide from the desired constant area IO'. Phosph- 
ous trichloride may be used to remove any such 

20 remaining aluminium oxide. 

Figure 7 is a schematic cross-sectional view 
illustrating part of a monocrystalline silicon semi- 
conductor body 70 of an electronic device, for 
example an integrated circuit such as a CMOS 

25 Integrated circuit having metallisation levels pro- 
vided using a method in accordance with the inven- 
tion. 

The part of the semiconductor body 70 shown 
in Figure 7 has a doped region 71 adjacent a 

30 surface 70a of the body 70. The semiconductor 
body 70 will of course incorporate many such 
doped regions. The particular region 71 shown in 
Rgure 7 forms a source or drain region of an 
insulated gate field effect transistor (MOST). An 

35 insulated gate for the MOST is provided on the 
surface 70a of the body 70 by a doped polycrystal- 
line silicon conductive gate 72 deposited onto a 
thin silicon dioxide gate layer 73. Held oxide 74 
(indicated in part by a dashed line In Figure 7) 

40 formed by local oxidation of silicon (LOCOS) in a 
known manner defines the area of the MOST. 

In order to provide lower contact resistance to 
subsequent metallisation, titanium is sputter-depos- 
ited over the surface 70a and the body 70 is then 

46 heated rapidly to form a titanium silicide contact 
layer 75 at the exposed silicon surface areas, that 
is on the doped region 71 and on the polycrystal- 
line silicon gate layer 72. The remaining titanium 
on the insulating material may be removed by 

50 etching in a solution of. for example, hydrogen 
peroxide and ammonium hydroxide in water. Other 
silicides such as cobalt silicide could be used in 
place of the titanium silicide. 

An insulating layer 76 Is then deposited by 

55 chemical vapour deposition onto the surface. Using 
conventional photolithographic and etching tech- 
nique a via 77 Is opened through the insulating 
layer 76 to enable connection to subsequent metal- 
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ilsation. 

A conductive plug 80 may be formed by first 
depositing an adhesion layer (not shown) onto the 
insulating layer 76 and Into the via 74 to Improve 
the adhesion to the insulating material of a 
subsequently-deposited tungsten layer. The adhe- 
sion layer may be, for example, titanium or 
titanium-tungsten and may be sputter-deposited as 
Is known in the art. After deposition of the tungsten, 
for example by chemical vapour deposition, the 
deposited material Is etched back, for example 
using an SFe plasma etching step, to expose the 
surface of the insulating layer 76 leaving the plug 
80 of tungsten within the via 77. An electrically 
conductive level of metallisation, in this example an 
aluminium level 100. may then be formed in a 
conventional manner by sputter deposition and pat- 
terning. Alternatively, the plug 80 could be omitted 
and the electrically conductive level deposited di- 
rectly onto the via 77. 

In this example, the electrically conductive lev- 
el 100 con'esponds to the electrically conductive 
level 1 shown In Figures 1 to 5 with the underlying 
insulating layers and semiconductor body forming 
a substructure 101 of the device on which the 
electrically conductive level 100 is provided. 

A method embodying the invention is then 
used as described above to enable a further layer 
of metallisation 6' to contact the electrically con- 
ductive level 1 via an opening 2 formed in a 
covering insulating layer 3' and provided with spac- 
ers 40 and 50 in the manner described above. 
Where the further layer 6' is the final metallisation 
layer, a passivating layer (not shown in Figure 7) 
may be provided over the further metallisation as is 
conventional in the art. 

In practice, because of the topography of the 
surface, It will normally be necessary to planarise 
the surface of the covering Insulating layer 3' be- 
fore providing the further layer e'. The planarisation 
may be carried out by. for example, depositing a 
layer of silicon oxide as described above with refer- 
ence to Figure 1. spinning onto the layer of silicon 
oxide a suitable insulating material such as a spin- 
on-glass to planarise or flatten the surface and then 
depositing a further layer of silicon oxide as de- 
scribed above. In such circumstances, the use of a 
method embodying the invention has the advan- 
tage that the spacers 40' and 50' shield the further 
metallisation layer 6 . which may be an aluminium 
layer, from the spln-on-glass which is more prone 
than plasma silicon oxide or plasma silicon nitride 
to contamination by impurities. 

Thus, in the example shown in Figure 7, a 
method embodying the invention is used to enable 
a second, possibly a final level of metallisation to 
be provided and interconnected to an underlying, 
as shown a first, level of metallisation. A method In 


accordance with the Invention may however be 
used to enable second, third, fourth etc. levels of 
metallisation to contact the underlying I.e. first, 
second, third etc. level of metallisation as will be 
s appreciated from Rgure 7, In addition, a method 
embodying the invention could be used, especially 
where the tungsten plug is not provided, to facili- 
tate connection of the first metallisation level to 
regions of the semiconductor body for example the 
fo region 71 shown In Rgure 7 and/or to the insulated 
gate 73, 72 or to other surface features such as 
conductive straps. 

Although, in the methods described above, the 
first and second layers 4 and 5 are Insulating 
IS layers, this need not necessarily be the case and, 
Indeed, the first and second layers could be elec- 
trically conductive layers, for example a tungsten 
and atitanium-tungsten alloy layer, respectively. 
Also, although in the methods described above 
20 with reference to the Figures, the further layer is 
formed by first and second layers 4 and 5 it may 
be possible to form the further layer of three or 
even more layers each of which is etched at a 
different rate by the selected anisotropic etching 
25 process so that the first layer is etched most slow- 
ly, and the final layer most quickly thereby provid- 
ing a triple or more stepped spacer arrangement 
on the sidewalls 2a of the opening. 

From reading the present disclosure, other 
30 modifications will be apparent to persons skilled in 
the art Such modifications may Involve other fea- 
tures which are already known in the art and which 
may be used instead of or In addition to features 
already described herein. Although claims have 
35 been formulated in this application to particular 
combinations of features. It should be understood 
that the scope of the disclosure of the present 
application also Includes any novel feature or novel 
combination of features disclosed herein either ex- 
40 pllcltly or implicitly or any generalisation or modi- 
fication of that feature or of one or more of those 
features whether or not It relates to the same 
invention as presently claimed in any claim. The 
applicants hereby give notice that new claims to 
45 such features and/or combinations of such features 
may be formulated during the prosecution of the 
present application or of any further application 
derived therefrom. 

50 

Claims 

1 . A method of manufacturing a semiconductor 
device, which method comprises providing elec- 
55 trical contact to an area of an electrically conduc- 
tive level exposed through an opening in a cover- 
ing layer by providing a further layer over the 
covering layer, etching the further layer an- 
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isotropically so as to expose the surface of the 
covering layer and the area of the electrically con- 
ductive level thereby leaving portions of the further 
layer on side walis of the opening bounding the 
exposed area, and providing an electrically conduc- 5 
tive layer on the covering layer to form an electrical 
contact with the exposed area of the electrically 
conductive level, characterised by providing the 
further layer by providing a first layer of one ma- 
terial to a first thickness on the covering layer and 1Q 
a second layer of a different material to a second 
thickness on the first layer and anisotropically etch- 
ing the further layer using an anisotropic etching 
process which etches the first and second layers at 
different rates with the first layer being etched is 
more slowly than the second layer so that, after the 
anisotropic etching to expose the surface of the 
covering layer and the said area of the electrically 
conductive level, the side walis of the opening 
remain covered by the said one material and por- 20 
tions of the said different material extend on the 
said one material from the exposed area up the 
side walls of the opening for a distance less than 
the depth of the opening and related to the thick- 
ness of the first layer and the different rates at 25 
which the first and second layers are etched. 

2. A method according to Claim 1. charac- 
terised by providing the covering layer as an in- 
sulating layer and forming the opening by an- 
isotropicaily etching the insulating layer through a 30 
mask. 

3. A method according to Claim 1 or 2, charac- 
terised by providing the first and second layers as 
insulating layers. 

4. A method according to Claim 3, charac- 35 
tensed by providing one of the first and second 
layers as a layer of silicon dioxide and the other of 

the first and second layers as a layer of silicon 
nitride. 

5. A method according to Claim 4, charac- 40 
tensed by providing the first layer as a layer of 
silicon nitride and the second layer as a layer of 
silicon dioxide. 

6. A method according to Claim 5, which com- 
prises anisotropically etching the further layer using 45 
a fluorine-containing plasma. 
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